classify a gene as a direct regulator of expression of cells can be more readily identified and followed through molecules controlling pathfinding. The genes described various stages, the decision points have been defined in this section are expressed early in neural cell lineages. in more detail, from the early delamination of identified Since axon outgrowth occurs in postmitotic neurons, neuroblasts from the epithelium, the assignment of phepathfinding defects resulting from mutation of these notypic classes to the progeny of these neuroblasts, to genes are most likely an indirect manifestation of the the final choice of individual neuronal fates. In all nerdisruption of cell fate determination and differentiation. vous systems, the ultimate outcome of cell fate specifiThe gene prospero (pros) has been identified in sevcation for a neuron is the completion of synapse formaeral searches for genes that control cell fate in Drosophtion with its appropriate target cell(s). Indeed, the mature ila (Doe et al., 1991; Vaessin et al., 1991). pros is exidentity of a neuron is defined by its pathway and target pressed in most or all neuroblasts of the CNS and PNS. choices.
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In pros mutants, neuroblasts gave rise to the normal Axon pathfinding is one aspect of the differentiation number and types of neurons, but there are severe deprogram of a neuron that occurs after the final cell divifects in the formation of major axon tracts. pros appears sion. As an axon grows away from the neuronal cell to act early in the differentiation pathway at the step body, it must choose among the various substrates it where neuroblast progeny are specified to become ganencounters along its course in order to reach the vicinity glion mother cells (GMCs). PROS protein is localized to of its target. On arrival, it must recognize and enter the the cortex of the basal surface of the dividing neuroblast; target area. Once in the target tissue, it must recognize the side of the cell that will give rise to the GMC. PROS is and synapse with the appropriate cells. Although the apparently necessary for preventing neuroblast-specific mechanism by which axons accomplish the complex gene expression and activating expression of some tasks of pathfinding and target recognition is far from genes normally expressed in GMCs (reviewed by Doe being fully understood, in recent years there has been and Spana, 1995). The mechanism through which distremendous progress toward identifying the molecular ruption of this early differentiation event gives rise to basis for this remarkable feat of nervous system develpathfinding defects in pros mutants is not known. opment. Most progress has been made in identifying A similar story arises from more experiments in Droguidance cues, that is, molecules expressed outside sophila on an unrelated gene, huckebein (hkb), which of growth cones that influence the direction of axon encodes a putative zinc-finger protein (Chu-LaGraff et outgrowth. Somewhat less is known about the relevant al., 1995). hkb has a more restricted pattern of expresmolecules expressed in and on growing axons; these sion than pros, as it is limited to a subset of CNS neurowould include receptors for guidance cues and elements blasts (NBs). The authors focus their analysis of hkb of the signal transduction pathways that mediate function on the NB 4-2 lineage. Like pros, the absence changes in growth cone behavior (reviewed by Keynes of hkb does not completely alter the cell fates of the and Cook, 1995).
progeny of affected neuroblasts. One of the progeny of For a neuron to achieve a certain projection pattern, NB 4-2, GMC 4-2a, fails to express its normal cell fate it must express the receptors and intracellular signaling marker, the transcription factor evenskipped (eve). Howcomponents that allow its axon to respond appropriately ever, the lineage still produces the normal number and to the extracellular cues it encounters. It is not surpristype of CNS neurons, that is, motor neurons identifiable ing, then, that the search for molecules important in as RP2 and RP2sib. In these mutants, most of the segaxon pathfinding and target recognition has begun to mentally repeated RP2 neurons extend axons out of the yield regulators of gene expression. This minireview disventral nerve cord appropriately and reach the body cusses several recently identified transcription factors wall musculature; however, the axons invariably make that have been implicated in regulating axon pathfinding pathfinding errors in the periphery and never terminate because their expression correlates with axon projecon their correct target muscles. Thus, it is unclear in this tion patterns or, when mutated, they give rise to pathfinding defects without grossly disrupting cell fate.
case whether hkb is important for controlling neuroblast identity prior to the final mitosis, RP2 and RP2sib projecmotor neuron phenotype projection patterns in vertebrates. tion phenotype, or both. Interestingly, mutant embryos lacking eve show axon pathfinding defects in the RP2
The 
